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The  acidity  constants  of  thiophenol  and  eight  m-  and  p- 
substituted  thiophenols  vers  measui *d  in  48$  alcohol.  Using  these 
data  together  with  seven  additional  pK  values  from  the  literature 
rho  and  pi,,  in  the  Hammett  equation  were  calculated  to  be  +2e578 
and  7.693.  From  these  figures  sigma  constants  for  p-CEgSOg,  p-NOe 
and  p-CHgG  of  +0.82.  +1.00  and  -G.112,  respectively,  were  obtained. 
The  fisct  that  the.  sigma  value  for  p-CHaSO#  determined  from  the 
acidity  of  thiophenols  is  significantly  larger  tea  that  from 
benzole  acids  but  smaller  than  that  from  phenols  or  anilines  is 
rationalized  by  assuming  varying  degrees  of  resonance  interactions 
(involving  expansion  of  the  valence  shell  of  sulfur  to  ten  elec- 
tions). The  data  also  indicate  that  other  groups  capable  of 
strong  resonance  interactions  (p-NG^,  p=GCHs*  etc.)  my  exhibit 
• then  one  sigma  value  depending  on  the  reactions  involved, 
£>iiyr.is  of  previous  date  on  p=CHaS  in  this  light  offers  m sup- 
port for  expansion  of  the  valence  shell  in  this  grouping ; a 
similar  conclusion  is  reached  regarding  the  SH  group. 


It  is  generally  accepted  that  most  strong  electron-attracting 
substituents  (NOs,  CH,  CHgCOv  etc#)  can  »nter  into  resonance  inter- 
actions with  amino,  hydroxyl,  and  similar  groups  situated  in  a para 
position.  These  interactions  in  some  instances  may  he  reflected 
in  enhanced  values  for  dipole  moments  or  shifts  in  absorption 
spectra  maxima.2  Perhaps  the  most  reliable  indication  is;  obtained, 

8 G.  W.  Wheland,  "The  Theory  of  Resonance,’’  John  Wiley  and  Sons, 
Inc.,  New  fork,  N.Y.,  1944.  f Chapters  V and  71. 

however,  from  the  enhanced  values  for  acidity  constants  obtained 
when  these  interlocking  groups  are  situated  in  para  (but  not  meta) 
positions.  In  terms  of  Hammett  sigma  constants,8  considerably 

8 L.  P.  Hammett,  “Physical  Organic  Chemistry,"  McGraw-Hill  Book 
Company. 5,  Inc.,  New  York,  N.Y.,  1940,  Chapter  VIZI. 

larger  values  are  needed  to  express  the  electronic  effects  of  these 
para  (but.  not  aeta)  electron-attracting  groups  in  the  reactions  of 
anilines  and  phenols  than  in  the  reactions  of  benzole  acids.  Tims, 
th®  difference  in  these  two  sets  of  sigma  values  amount?  to  0.49 
far  p-NOg,8  0.44  for  p-CHgCO,4  an d 0.34  for  p-CN.s  These  differ- 

4 F.  G.  Bordwell  and  G.  D.  Cooper,  THIS  JOURNAL,  2£,  1068  (1952). 

8 J.  Dr  Roberts  and  E.  k.  HcEIhill,  ^ - Jg,  628  (1950). 

onceis  are  significant  since  the  mean  probable  error  for  the  whole 
table  of  28  sigma  constants  given  by  Hassastt*  is  only  + C*07,  and 


this  table  includes  a number  of  groups  (p-CHaO,  p-HHa,  etc.)  for 
which  several  values  of  sigma  should  probably  be  assigned  (see 
below). 

Beceutly  it  has  been  found  that  not  only  do  the  sigma  constants 
tor  the  p-CHsSO*  group  for  reactions  of  phenols  and  anilines  differ 
from  that  for  r-sactions  of  benzoic  acid,  but  that  they  are  signi- 
ficantly different  from  each  other.4  These  results  suggest  re son- 
ansa  interactions  in  the  ground  state  between  the  p-CHaS02  group 
and  a or  .-HHa>  which  involve  an  expanded  valence  shell  for  sul- 
fur. 6 The  fact  that  the  sigma  values  of  the  CHaSOs  group  for  the 


aethylsulfonyl  group  wherein  the  sulfur  shell  is  expanded  to  ton 
electrons.  It  is,  of  course,  also  possible  to  write  structures 
in  which  one  or  both  sulfur-oxygen  bonds  are  double  bonds,  whereby 
the  valence  shell  of  sulfur  is  expanded  to  ten  or  twelve  in  both 
I and  la.  The  prevailing  opinion  appears  to  be  that  doubly  con- 
stant sulfur-oxygen  bonds  contribute  more  to  the  hybrid  structure 
of  sulfones  than  do  semi-polar  sulfur-oxygen  bonds  (see  D. 

Barnard,  J»  12.  Fabian,  and  B,  P.  Koch,  £.  Chem.  Soo.  2442 
(1949)  for  a discussion).  Oar  work  has  no  bearing  on  tnis  point 
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exeept  that  it  provides  strong  evidence  that  the  sulfur  atom  is 
capable  of  expanding  its  shell  in  the  su?-fcne  structure. 

reactions  of  phenols  and  anilines  differ  from  one  another  is  not 
difficult  to  reconcile,  since  there  is  no  a priori  reason  to  expect 
the  resonance  contributions  in  the  tiro  instances  to  be  the  same. 

In  order  to  obtain  further  evidence  concerning  the  ecnJug&tivB  la- 
bility of  the  CHsSOs  group  and  other  groups  capable  of  strong 
resonance,  the  relative  acidities  of  a number  of  m-  and  p-substi- 
tuted  thiophenols  have  been  determined.  A further  objective  was  to 
measure  the  ability  of  the  -SH  group  to  enter  into  resonance  inter- 
actions as  compared  to  the  -OH  and  -NHa  groups. 

The  acidity  constants  of  twenty  q-,  m-  and  p-substituted  thio- 
phenols in  48.9#  alcohol  (by  volume)  and  in  9 alcohol  have 
previously  been  determined  by  Schwarzenbach  and  Egli7  using  a hy- 
drogen electrode.  No  data  on  thiophenols  containing  strongly  electron- 

7 (a)  G.  Schwarzanbach  and  H.  A.  Egli,  Eel?.  Chim.  Acta. . 17.  1176 
(1934). 

(b)  H.  Egli,  Doctoral  Dissertation,  University  of  Zurich,  1935. 

attracting  groups  were  obtained,  however.  In  the  present  investiga- 
tion the  acidity  of  thiopheno!  and  of  s-Br$  m-SH8,  p-Br  and  p-CBs 
thiophenols  in  48#  alcohol  were  measured  in  order  to  compare  with 
tfcs  previous  results,7  and  the  method  was  than  extended  to  a-CEsSOg, 
p-CHgGOa,  m-KOj  and  p-NO*  thiophenols. 

The  thiophenols  were  prepared  by  methods  similar  to  those  reported 
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in.  the  liters ture.  Preparation  of  m-methylsulfonylthiophenol  by 
reduction  of  m-raethylsulf onylbenzenesulf  onyl  chloride  with  lithium 
altesinus  hydride  was,  in  our  hands,  more  convenient  and  superior 
to  reduction  with  tin  and  hydrochloric  acid*  Purification  of  p-nitro„ 
and  p-methylsulfonylthiophenols  was  effected  by  way  of  the  disulfides. 

The  determinations  of  the  apparent  ionization  constants  in  48$ 
alcohol  (prepared  by  dilution  of  ordinary  96$  alcohol  to  twice  its 
volume)  were  carried  out  by  measuring  the  pH  of  solutions  which  had 
been  approximately  20$,  40$,  and  60$  neutralized.  The  pKa  values 
were  computed  using;  the  Henderson  equation®,  pHa=pH+  Xog(ArSH)/(Aj?S“)  J 

8 S.  Glass tone,  "The  Electrochemistry  of  Solutions,”  Methuen  and 

Company,  Ltd.,  London,  1930v  p.  207. 

the  spread  in  pKr.  values  was  usually  no  greater  than  0«02»0«03  pE 
unit  for  the  three  determinations. 

The  thiophenols  were  observed  to  undergo  rapid  oxidation  in  the 
presence  of  air,  particularly  in  alkaline  solution,  so  precautions 
rare  tatesn  to  minimise  contact  of  the  solutions  with  air.  To  correct 
for  the  presence  of  disulfides  or  other  impurities  in  the  thiophenols .. 
the  stoichiometric  quantity  of  thiophenols  present  at  the  time  of  the 
pH  measurement  was  determined  by  titration  of  an  aliquot  of  the 
solution  with  iodine. 

The  results  obtained  in  t he  presant  investigation  for  thiophenol 
and  the  eight  a-  and  p-subst  United  thiophenols  are  summarized  in 
Table  I together  with  values  for  seven  additional  thiophenols  cal- 
culated from  the  data  of  Schwarzenbach  and  Egli.7  For  p-CEs,  ra-CH# 


-6- 

and  p-Br  thiophenols  and  for  thiophenol  itself,  the  agreement  in 
the  relative  values  between  our  results  in  48 % alcohol  at  °5°  and 
those  of  Schwarzenbach  ani  Egli,  which  were  obtained  in  48*9$ 
alcohol  at  20°,  is  excellent.  Our  results,  which  are  those  listed 
in  the  table,  were  almost  uniformly  about  0.05  pK  unit  higher. 

For  m-broL othiophenol  our  value  of  6.7?  is  significantly  different 
from  their  value  of  6.91. 

TABLE  I. 

Apparent  Acidity  Constants  for 
Thiophenols  in  48$  Alcohol  at  25° 


Substituent 

Substituent 

p-HO 

8.30b 

P-I 

6.94b 

p-CHe 

A-.fl « b 
8.03  ’ 

m-I 

6.82b 

P'-CHgO 

7.99b 

m-Br 

6.77a 

ai-CHs 

&„b 
7.96  9 

m-Cl 

6*74b 

H 

7.76 

n— NOg 

5.90s 

ffi-CHjj  0 

b 

7.46 

ni=OHg302 

5.88s 

p-Br 

a,b 
6.99  5 

p-CHsSOs 

a 

5.57 

p-Cl 

6.9(5b 

p-NO* 

5.11s 

a 

Preuont  investigation 

1?  7 

Schwarzenback  and  tigli 

A plot  of  pK^  - pK  versus  the 

sigma  values2 

fox*  the  substi- 

tuents  listed 

in  Table  I,  sa&ua&iflg 

p-EO,  p-CHgO, 

p-CHsS02,  and 

P"N0g  gave  an 

excellsat  straight  line  (Figure  1). 

The  pKa  value 

of  6.91  for  m-bromothiophenol  would  hare  given  a point  farther 
from  the  line  than  did  our  value  of  6c 77  which  was  used.  The  slope 
of  the  line , P in  the  Hammett  equation  (pK  = (T/°+  pKQ)  was  deter- 
mined  by  the  method  of  least  squares  to  be  +2,578;  pKQ  = 7,699« 

The  average  deviation  from  the  line  of  the  pK  values  was  +0.055, 

The  probable  error  was  +0.045,  which  compares  favorably  with  that 
in  other  reactions.8  The  position  of  the  p-N02  and  p-CHaSOa  groups 
on  the  line  (Figure  1.),  as  obtained  from  the  pKa  data,  is  indi- 
cated. 

Blaffliaalgn 

Slema  Values  for  p.-CH»SQa  and  P-H.Oa  Groups:  Values  of  sigma 

for  p-CHaS02  and  p-N0a  calculated  using  P - +2.58  and  pKq  =7.70 
and  the  pK  values  listed  in  Table  I are  +0.82  and  +1.00  respective- 
ly. Table  II  summarizes  the  3igma  values  that  have  been  determined 
in  This  Laboratory  from  the  acidity  constants  of  benzoic  acids4, 
thiophenols,  phenols4  and  anilinium  ions.4 


TABLE  II. 

Sigma  Values  for  m-  and 
p-2tethylsulf onyl  Groups  from  Acidity  Constants 


CoffiPPUftfl 

Zlzm 

Compound 

Siam 

E-CHaS03C0H4C00H 

+e.65a 

p-CE{|S0j>C€H4C00H 

+0.721 

a-CH,S0aC6H*6H 

b 

+0.71 

p-CHaSC2CsH4SH 

+0.82 

m-CHaSOeCaluOH 

+0.70d 

p— C HaS0gCgH,4OH 

+C.981 

K *C  H3  S C g H4  TJHa 

+0.69 

p-CHaS0sC6H4feis 

+1.13* 

-8- 


* J.C.  Price  and  J.J.  Hydock,  THIS  JOURNAL,  1942 
(H52)*  obtained  +0.65  for  m-CH8S0a  and  +0.76  for  p-CHsS02 
form  the  rates  of  alkaline  hydrolysis  of  the  ethyl  benzoates. 
H.-'i . Backer  and  H.  Klcosterzlel,  Rec . tray.  chim.T  71.  295 
(1152),  give  values  of  +0.56,  +0.65  and  +0.65-  for  m-cfiaSOg 
fr:n  the  acidity  constants  of  the  benzoic  acids  in  water  and 
50!  alcohol  and  the  rate  of  reaction  of  the  acid  with  diphenyl- 
dii:..’5one thane  lr>  alcohol 5 the  values  for  p-CHs30a  from  acidity 
constants  in  nater  and  alcohol  were  +0.68  and  +0.75. 

15  Datermlned  from  the  data  used  for  Figure  3 excluding  that 
for  c-CHaSOg  and  using  the  method  of  least  squares. 

3 Backer  and  Kloofte.es.iel  (loc.clt.)  gave  a value  of  +1.16 
for  sigma  from  p-CB$S08CflH4QH,  bnt  ELoosterziel^  Doctoral 
Uasertation,  University  of  Groningen,  July,  1952.  reported 
;i:ils  to  be  in  error  and  states  that  a redetermination  of  the 
ulildity  constant  gave  a check  with  our  value.4 

1 Backer  and  KLcosterslel  (loc.clt.)  gave  +0.68  for  m-^EjjSOa 
!i  rt(i  +1.14  for  p-CH^SO* . 


I lie  spectrum  of  aigma  values  for  p-^H^SOg  is  striking  when 
cont,  isted  with  the  constancy  of  the  values  for  m-CH8SOa.  The 
difi’i '!  snees  for  tho  former  are  ail  outside  the  range  of  experi- 
ment1.. error.  The  larger  sigma  required  for  p-CH8S0a  to  describe 
the  : Idity  of  the  th.lophenol  as  compared  to  the  benzoic  acid 
oupp ts  the  previous  enervations  with  phenols  and  anilines4, 
and  aisain  mev  is  attributed  to  acid  strengthening  resonance  effects 
in  tlie  tr^ophenols,  such  as  that  ihown,  shich  are  absent  >’n  the 
benzoic  acid*  Further  evidence  is  thus  obtained  fer  the  expsnsion 


"0" 

of  the  valence  shell  of  sulfur  in  the  methyl  suifonyl  group® 

Furthermore . -che  progressively  larger  sigma  values  for  p-CH3S02 

as  determined  from  the  acidity  constants  of  benzoic  acids,  thio- 

phenols,  phenols  and  anilinium  ions  may  well  reflect  the  increasing 

disparity  in  che  amount  of  resonance  interaction  between  the  p-CHsSOj, 

group  and  the  dissociated  versus  the  undissoeiated  forms  in  each  of 

+ 

these  systems » That  is,  the  difference  in  resonance  of  NHa  and  HH2 
with  p-CHsSC^  is  greater  than  the  difference  in  resonance  of  OH  and 
0 with  p-CHaSQa,  which  in  turn  is  greater  than  the  difference  in 
resonance  of  SH  and  S’  with  p-CHsSO£.  The  p-€HaSOa  group  cannot  enter 
into  direct  resonance  interactions  with  -CO0H  and  -COO™,  but  structures 
such  as  that  shown  probably  make  some  contribution. 

0 

cHp-e* 

CL 

Judging  from  the  results  with  p-CHaSO*,  similar  para  groupings 
(NOg};  CH,  COOGHa,  etc®)  would  also  be  expected  to  show  varying  degrees 
of  resonance  Interactions  depending  on  the  reaction  concerned.  In 
accordance  with  this  the  sigma  values  for  p-noQ  (in  contrast  to  those 
of  the  ffl-NOa  group)  become  increasingly  great  when  determined  for 
benzoic  acids  ((T*  0®77S),8  thiophenols  <$«  1.00)  and  phenols 
( x.J2,  roe  below),4  but  the  value  from  the  acidity  constant  of 

anlliniom  ions  appears  to  be  almost  the  spss  ((T®  1*27)  as  that 
obtained  from  phenols.8 

£Q1 , JBrSIafl: f, Ml  oupa  capable  of 

strong  electron-releasing  resonance  interactions,  such  as  p-(CHa)sN, 
p-CH®0,  p «£10,  etc.  also  would  be  expected  to  show  a spectrum  ol  sigma 
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values  depending  on  the  degree  of  resonance  interlocking  in  the 
reaction  in  question.  This  point  has  recently  been  illustrated  by 
data  showing  varjing  sigma  ’’constants”  for  p-(CHs)sN.9  For  p-CHsO 


SH.  Gilman  and  G.E-  Dunn,  THIS  JOURNAL,  22,  3404  (1951). 

the  sigma  value  obtaiu^d  from  the  acidity  constant  of  p-methoxybenzoic 
acid  is  -0.268, 8 from  the  alaoholysis  of  triphenylmethyl  chlorides  it 
is  more  negative  than  -O.^,^3  and  for  the  solvolysis  of  benzyl 

1CG*B.K.  Branch  and  H.  Calvin,  “The  Theory  of  Organic-  Chemistry,” 
Prentice  Hall,  Inc.,  Hew  York,  N.Y.,  1941.  p.  442.  The  authors 
have  emphasised  on  p.  417-8  the  role  played  by  resonance  effects 
in  deciding  sigma  for  the  Esmmett  equation. 

p-toluenesulfonates  the  value  is  -2.0. 11  Since  even  the  value  from 

i4J.K*  Kochi  and  G.S.  Hammond,  Abstracts  of  Papers  of  the  121st 
American  Chemical  Society  Meeting  at  Milwaukee,  Wisconsin,  April, 

1952  tjp.  72K^  Private  Communication  from  Professor  G.S.  Hammond. 

the  acidity  constant  of  p-methoxybenzoic  acid  must  include  an 
appreciable  resonance  factor,  values  for  phenols  and  anilines  where 
this  resonance  effect  is  absent  vculd  be  expected  to  be  less  negative. 
Omitting  values  for  p-aethoxyphenol  and  p-nitrophenoi  and  applying 
the  method  of  least  squares  to  the  data  for  the  acidity  constants  of 
phenols  in  water,4  gives  +2.29,  pKft  » 9.95  (average  deviation 
**  +.047}  probable  error  = +.03S),  and  the  sigma  value  calculated  for 
p~CHgG  is  -0.109  (the  value  for  p-NOa  is  +1.22) If  the  -SH  group 


The  sigma  value  for  n-CHsO  from  the  acidity  constant  of  anllinium 
ions  Bfell  and  M.B.  Sprinkle,  THIS  JOURNAL,  jg£,  3469  (1932)3 
1b  however,  — Q.2b4. 

can  enter  into  strong  resonance  interactions  of  tho  type  shown  in  II 
the  sigma  value  from  the  acidity  of  thiophecols  should  be  mers  negative 


II 

than  that  of  phenols*  Actually  the  value  of  -0.082  obtained  is 
Identical  with  that  frooi  the  phenols  within  experimental  error.18 


13  The  situation  is  somewhat  confused  by  the  fact  that  values  for 
p-HO  sigmas  calculated  from  the  literature  are  -0.38  for  benzoic 
acids  (calculated  using  Xh  a 2.9  x 10"6  for  p-faydrosybenzoic 
acid*  which  is  the  value  selected  by  J.  ?.  J.  Dippy,  Cheat.  Rev. . 
2$.  151  ( 1£*39),  -0.233  for  thlophenols  (from  the  data  given  in 
Tells  I)  ant  -0.072  for  phenols  (from  the  data  of  Scbwarzenbach 
and  Egli)7. 


The  data  are  not  good  enough  to  detect  a $mal!  resonance  effect, 
but  a large  effect  of  tho  type  shewn  In  II  would  appear  to  be  ruled 
out. 

The  sigma  valuas  for  m-CE3S  in  benzoic  acid  reactions  are 
aoout  O.xt  units  more  positive  than  those  for  p-CHaS.*’  14  This 
no  dopbt  reflects  an  electron-releasing  resonance  effect  from  the 

14  C.  C.  rri.ee  and  *=  J.  Eydock,  THIS  JOWAL,  Z&,  1943  (1962). 


p-CHgS  group.4  Since  this  resonance  is  absent  in  t he  phenols  and 
anilines,  the  value  for  p-CHaS  in  the  absence  of  other  effects 
would  be  expected  to  be  more  nearly  equal  that  for  m-CH3S.  However 
a strong  resonance  effect  of  the  type  shown  in  III  would  make 
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III 

sigma  for  p-CHsS  more  positive*  Actually  the  sigma  for  p-CH3S 
is  equal  to  that  for  m-CHsS  from  the  acidity  of  phenols  and  less 
positive  for  the  acidity  of  anilinium  ions}4  these  data,  therefore, 
lend  no  support  to  the  assumption  of  resonance  of  the  type  shewn 
in  III.  Since  this  is  a favorable  case,  it  appears  that  strong 
resonance  Interactions  of  sulfur  Involving  expansion  of  the 
electron  shell  (by  acceptance  of  an  electron  pair)  ten  electrons 
&X&  Ofli  likely  divalent  sulfur  (-SH,  CH5S-) \ such  interactions 

mi  ,Q££j in,  kisMi  irhsii  iha  sfllfcaz  kssxs.  a jaaaliiva  stents. 

(CH3SOfi).  *vl8 

16  W.  E.  von  Doering,  Private  Communication,  has  obtained  evidence 
for  the  expansion  of  the  sulfur  shell  in  (CEa)aS+|  Pierre  Boutan 
of  This  laboratory  has  evidence  for  expansion  of  the  shell  in  the 

methylsulfinyl  group,  cEs^-O  CHsSaO 

The  difference  in  sigma  constants  for  m-CH80  and  p-CE30, 
and  m-CHaS  and  p-CE$S  in  benzoic  acid  reactions  may  be  taken  as 
a measure  of  the  ability  of  p-CEsO  and  p=CEsS  to  enter  into 
(electron-releasing)  resonance  interactions.  The  differences  of 
0.383  for  CHs0  and  0.16  for  CHaS  point  to  CH80>CH8S.  This  is 
comparable  to  the  order  CEs0  ^CHaS^  €THaSs  recently  suggested  for 
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rescnance  effects  by  Baker,  Barrett  and  Tweed.  >-e 

* J.  Wo  Baker,  G.  F.  C.  Barrett  and  W.  To  Tweed,  J.  Chsm.  Soc.. 
2831  (1952)!  * •*“  *** 


Experimental 

Ifeterlals:-  Each  compound  was  freshly  distilled  or  recrystal 
Used  jast  before  measuring.  Thiophenol,  p«thiocresol  and  m-thio- 
cresol  were  Eastman  Kodak  Company  white  label  samples.  The  pre- 
parations of  the  other  thiopnenols  are  described  in  the  sections 
which  follow. 

a*Br '©ss©' thio phenol®  The  method  used  was  similar  to  that  des- 
cribed by  Wiley i7  for  m-carboxythlophenol.  Forty- three  grams 
(0.25  mole)  of  m- broaosniline  was  riiazotized  at  5°  with  49  ml. 

17  P.  R.  Wiley,  J."org.  Chem.T  810  (1951), 

of  coned,  hydrochloric  acid  and  17.2  g.  (0.25  mole)  of  sodium 
nitrite  in  110  ml.  of  water.  The  solution  of  the  diazonlum  salt 
was  added  over  a 1«5  hr.  period  to  a solution  of  40  g.  (0.25 
mole)  of  potassium  ethyl  xanthate  and  33  g.  (0.3  mole)  of  sodium 
carbonate  in  250  air  of  water  maintained  at  70°.  The  mixture 
was  maintained  at  this  temperature  for  an  additi^al  horn’,  the 
resulting  oil  separated,  the  aqueous  phase  washed  twice  with 
ether,  and  the  ether  added  to  the  oil.  The  ether  was  removed  on 
the  steam  bath  in  a stream  of  nitrogen,  and  the  residual  oil 
added  to  a solution  of  40  g.  (1  mole)  of  sodium  hydroxide  in 


i-- 


250  ml*  at  methanol  and  40  si.  cf  water.  The  mixture  mas  re- 
t kuZ&\\  for  2 hoars  wilder  nitrogen,  diluted  with  4 of  meter,  and 
acidified  with  hydrochloric  acid,  The  resulting  oil  was  separated 
the  aqueous  phase  washed  with  methylene  chloride  ,t  and  the  latter 
combined  with  the  oil  and  dried  over  anhydrous  sulfate.  Bistil- 
laties  yielded  19. X g.  (40$)  of  material,  b.p.  100-4®  at  10  am. 

On  redistill* tioc  the  b,  ».  was  123-4®  at  10  mm.;  n£c,  1,6338. 
3nel.  Cat  led.  for  C6H|,SBr:  C,  38.11;  H,  2.67.  Found:  C, 
37.89;  E,  2,68. 

7H 

Scbwarsenbach  and  Egll  gave  no  physical  properties  or 

7*b 

analysis  for  this  compound,  and  Egli  reports  only  the  b.  p. 

(100°  at  10  asn.>.  Reinh©ldtio  also  prepared  this  compound  but 
gave  m constants  or  analysis. 


11  H.  Reicbaldt,  fig£.,  52,  1311  (1926). 

►.  arogothi^nhenol »-  p-Bromobanzenesulfonyi  chloride  was 
reduced  with  sine  and  sulfuric  acid*  following  the  procedure 
©f  8e&«*r;  Rapport,  and  Koepflli;  for  jfcfce  preparation  of  p- 
chlorothicphenol.  The  yield  was  S1J6*  m,p,  73-5°;  a m.p.  of  75° 


•s  «•  2.  Senear,  M.  M.  Rapport,  and  J.  5.  Koepfli,  J.  Biol.  Cham, , 
1£Z,  238  (1947), 


has  been  reported.80 

up  i an  i m w MWi'sira  ■nwiiTf  rwirs 

86  H.  Hubner  and  J.  Alsberg,  &an»,  327  (1870). 
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a-MethylsuIfonylthioDfcencl.  s-  Twist  and  Smiles  report  the 
preparation  of  this  compound  by  the  reduction  of  the  eorre speeding 


81  R.  F.  Twist  and  S.  Smiles,  Chem.  Soc..  127,  1248  (1925). 


sulfonyi  chloride  with  tin  and  hydrochloric  acid,  and  report  a 
sa.p.  of  69°.  Attempts  to  repeat  their  work  failed;  apparently 
we  obtained  a mixture  of  disulfide,  thiol,  and  tin  mercaptide. 
Finally  the  sulfonyi  chloride  (obtained  by  Twist  and  Smiles* 
procedure18)  in  60$  yield,  m.p.  92-4°,  was  reduced  with  lithium 
aluminum  hydride  to  the  thiophenol.88  We  were,  however,  unable 

mtmm  nwi— 1 

8fc  Cera ling  and  H.  J.  Backer,  figg.  Trav.  Chim.,  69.  638  (1950)! 
C.  S.  Marvel  and  F.  D.  Caesar,  THIS  JOURNAL,  72,  1033  (1950)* 
L.  Field  and  F.  A.  Grunwald,  £.  Ore.  Chem.  16.  946  (1951). 


to  crystallize  this  compound;  it  was  purified  by  distillation. 

Three  and  eight-tenths  g.  (0.1  mole)  of  lithium  aluminum 

of 

hydride  Was  dissolved  in  150  ml.Adry  ether  and  connected  to  a 
Soxlet  extractor  (continuous  type)  containing  7.7  g.  (0.03  mole) 
of  tu-methylsulfoayibenzenesulf onyl  chloride,  which  is  rather 
sparingly  soluble  in  ether.  Refluxing  the  ether  one  half  hour 
was  sufficient  to  carry  all  the  sulfonyi  chloride  Into  the  red- 
action flask,  after  which  the  mixture  was  refluxed  one  hour  more. 
Ten  ml.  of  ethyl  acetate  was  added  to  decompose  the  excess  hy- 
dride, followed  by  125  ml.  of  2 £ sulfuric  acid.  After  about 
two  hours  the  ether  layer  was  separated,  washed  thrice  with 
water,  dried  over  sodium  sulfate,  and  the  ether  removed  in  vacuo 
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to  leave  a residue  of  3*4  g.  (61$  ylelc)  of  a light  colored  oil* 
Repeated  attempts  to  crystallize  this  oil  failed.  The  material 
remaining  was  then  distilled  in  a short  path  apparatus  at  a bath 
temperature  of  about  200°  at  1 mia.  yielding  1.05  g®  of  p-methyl- 
sulfonylthiophenol  as  a colorless  liquid.  The  distillation  left 
practically  nc  residue. 

Aq fli*  Caled.  for  C7Hs0aSe:  C,  44.66s  H,  4.28.  Found;  G, 

44.59;  H,  4.34. 

BrJAfiCfttteLgPtenal »-  Fifty-fJva  and  two  tenths  g.  (0.4  moles) 

of  m-nitroaniline  was  diasotiscd  according  to  the  procedure  of 

as 

Organic  Syntheses.  This  was  then  carried  through  the  xanthate 
process  as  described  under  the  preparation  of  m-bromothiophenol, 

aa  W,  I.  Hartman  and  M.  R.  Brethen,  “Organic  Syntheses,"  Coll. 

Vol.  I,  John  Wiley  end  Sons,  Inc.,  N.  7.,  1941,  p.  162. 

using  sufficient  sodium  carbonate  (106  g.,  1 mole)  to  keep  the  mix- 
ture alkaline  during  the  reaction.  Hydrolysis  of  the  xanthate 
ester  was  carried  out  under  nitrogen,  as  was  the  subsequent 

j 

acidification.  The  resulting  emulsion  was  decanted  from  some 
solid  tar,  and  extracted  with  chloroform.  The  chloroform  solu- 
tion was  treated  with  silica  gel,  filtered,  and  the  chloroform 
removed  in  vacuo  on  the  steam  bath  to  leave  25  g.  (40$  as  crude) 
of  dark  red  oil.  Five  g.  of  this  material  was  charged  to  a 
short  path  still  and  distilled  at  a bath  temperature  of  about 
200°  at  1 mm  to  yield  1 g.  of  a-nitrothiophenol  as  a straw 
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ccli,t*ed  oil.  The  remainder  of  the  charge  pyrolyzed  to  a black 
tar*  On  two  attempts  to  analyse  this  substance  It  was  observed 
to  explode  and  a vs  me  about  1%  low  In  carbon  was  obtained. 

This  compound  has  been  previously  reported  prepared  by  the 
same  route  by  Leuokart  and  Eolczapfel84  as  a dark  red  oil,  and 

84  R.  Leuckart  and  W.  Holtzapfel,  £.  £e.  Chem. , 41,  197  (1890). 

& 

by  Bennett  and  Berry  who  did  not  isolate  the  compound  as  sach. 

0.  H.  Bennett  and  W.  A.  Berry,  £.  Chem.  Soc. , 1669  (1927>. 

p-lfe thy laulfony It hlo phenol x - Following  essentially  the 
procedure  of  Bourgeois  and  Abraham86,  phenyl  methyl  sulfide  in 


Ss  JB.  Bourgeois  and  A.  Abraham,  Bee,  Trav.  Chlm. , 30,  407  (1911). 


refluxing  carbon  tetrachloride  was  treated  with  an  equimolar  a- 
mount  of  bromine  and  refluxed  16  hours.  The  mixture  was  washed 
with  water,  sodium  bisulfite  solution,  and  water  again.  It  was 
dried  over  calcium  chloride,  and  the  solvent  stripped  off  in. 
vacuo  to  yield  p-bromophenyl  methyl  sulfide,  m.p.  34-7° * in  96J& 
yield  as  crude  product.  One  re  crystallization  from  alcohol  gave 
pure  product,  w.p.  37-8°,  TT$  yield  based  on  phenyl  methyl 
sulfide. 

Oxidation  of  p-bromophenyl  methyl  sulfide  in  acetic  acid 
solution  with  hydrogen  peroxide  (refluxing  one  hour)  followed 
by  dilution  with  water  yielded  p-bromophenyl  methyl  sulfone, 
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m.p.  102-4®,  in  8 0 yield.  The  reported  m.p.  is  102. 6- 103.0°. 8 

p-Bromophenyl  methyl  sulfone  was  converted  to  p-methylsul- 
fonyithiophenoi  by  displacement  of  the  bromine  with  sulfide  ion. 
Twenty-seven  g.  (0.2  mole)  of  60#  sodium  sulfide  flakes  and 
@•4  g.  (0.2  mole)  of  sulfur  were  dissolved  in  150  ml.  water  on 
the  steam  bath.  To  this  was  added  12  g.  (0.05  mole)  of  p-bromo- 
phenyl  methyl  sulfone  dissolved  in  50  ml.  warm  alcohol,  and  the 
jnlxture  refluxed  13  hours.  The  alcohol  was  distilled  off,  the 
jnlxture  cooled  and  filtered,  (to  remove  any  unreacted  starting 
material)  into  a mixture  of  50  ml.  coned,  hydrochloric  acid  and 
ice.  Both  the  thlophenol  and  sulfur  are  thereby  precipitated, 
fund,  unfortunately,  most  of  the  former  adheres  to  the  latter, 
phlch  agglomerates  in  a lump.  Extraction  of  this  material  with 
polling  alcohol  or  chloroform  results  in  isolation  of  the  corres- 
ponding disulfide,  m.p.  190-2°,  apparently  by  oxidation  of  the 
thlophenol  by  sulfur.  The  yield  of  disulfide  was  6.5  g.  (68$). 

The  disulfide  was  reduced  to  the  thlophenol  by  treatment 
Ifith  glucose  and  sodium  hydroxide,  followirjg  the  procedure  of 
Lecher  and  Simon.87  Four  grams  (0.0107  mole)  of  disulfide  and 

87  B.  Lecher  and  K.  Simon,  Ber. T 55.  2427  (1922). 

5.4  g»  (0.03  mole)  of  glucose  were  mixed  in  15  ml.  alcohol. 

Jlh lie  this  was  maintained  at  60°,  a solution  2.4  g.  (0.06  mole) 
of  sodium  hydroxide  in  6 ml.  of  water  was  added  gradually.  The 
mixture  was  then  kept  at  €0-70®  for  15  minutei',  diluted  with 


several  volumes  eater,  a Lid  filtered  into  a mixture  of  10  ml. 
coned,  hydrochloric  acid  and  Ice.  The  product  separates  as  an 
oil  which  soon  solidifies  on  keeping  at  0°;  it  then  melted  at 
66-60®  and  weighed  2.56  g.  (64$  yield  as  crude).  It  was  dis- 
solved in  chloroform  and  treated  with  silica  gel,  then  precipi- 
tated by  dilution  with  pentane  to  yield  material  melting  65-7°. 
Finally,  crystallization  from  75$  ethanol  yielded  1.6  g.  (40$) 
of  p-nethylaulf onylthiophescl  melting  at  66-8°. 

Calcd.  for  C7Hg0aS8*  C,  44.66;  H,  4.28.  Found:  C, 
44.72;  H,  4.31. 

p~Wi troth! ophenol i-  This  compound  was  prepared  by  reduction 
of  the  disulfide88  with  glucose  and  sodium  hydroxide  as  described 


88  Prepared  according  to  the  procedure  in  Org.  Svn. , John  Wiley 
and  Sons,  Inc.,  Hew  York,  Coll.  Vol.  I.,  p.  220. 

under  the  preparation  of  pf  p-methylsulfonylthiophenol.  The 
yield  of  crude  product  was  32$,  m.  p.  72-80°.  Becrystallization 
from  50$  ethanol  raised  the  m.p.  to  76-8°.  The  reported  m.p.  is 
77°.* 9 The  compound  is  not  very  soluble  in  boiling  50$  ethanol, 


88  C.  Willgerodt,  IS5  331  (1885). 


but  by  filtering  the  boiling  solution  all  disulfide  present  can 
be  removed  without  loss  of  much  of  the  thlophenol.  Care  must  be 
taken  to  prevent  oxidation  to  disulfide  during  the  work-up. 

Measurement  ef  Acidity  Constants:-  Three  samples  of  each 
thlophencl  were  weighed  Into  60  ml.  volumetric  flasks  which 
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h»d  previously  been  swept  out  with  nitrogen.  To  minimise  atmos- 
pheric oxidation,  this  nitrogen  atmosphere  was  maintained  v;nile 
oacta  flask  was  promptly  processed,  one  at  a time,  according  to 
the  following  procedure.  Twenty-five  ml.  of  96#  ethanol  at 
26°  was  added  from  a pipette,  and  the  flask  again  swept  out 
with  nitrogen  before  agitating  to  dissolve  the  sample.  Suffi- 
cient standard  carbonate-free  sodium  hydroxide  solution  was  then 
measured  from  a burette  into  the  flask  to  partially  neutralize 
(about  20,  40,  or  6C#  in  turn)  the  thiophenol.  The  solution  was 
then  made  up  to  the  mark  with  carbonate-free  water,  and  again 
swept  with  nitrogen  before  inverting  to  mix.  An  aliquot  was  then 
withdrawn  and  added  to  an  excess  of  standard  iodine  solution. 

While  this  was  allowed  to  stand  for  a few  minutes,  another  sample 
was  withdrawn  and  the  pi  measured  immediately  with  a Beckman 
Modal  G pH  meter.  The  iodine  solution  was  then  titrated  with 
thiosulfate  so  that  the  exact  «SH  content  of  the  solution  could 
be  calculated.  The  pKa  was  then  computed  with  the  Henderson 
equation,8  pXa  :=  pH  + log  (ArSH/ArS=*) . The  value  from  the  iodine 
titration  was  used  for  the  stoichiometric  concentration  of  thio- 
phenol, and  the  concentration  of  anion  was  taken  a3  equal  to 
that  of  the  sodium  hydroxide  added $ the  concentration  of  unionized 
thiophenol  could  then  be  obtained  by  difference.  The  compounds 
were  measured  at  concentrations  of  0.01  to  0.05  jf. , depending  on 
their  solubility.  The  data  are  summarized  in  Table  III. 


-21. 


TABUS  III, 

Measurement  of 

Acidity  Constants  for  Thiophenols  in  48#  Alcohol  at  2o° 


Snbstltnsnt 

Stoichiometric 

ArS“ 

% neutral- 

pH 

pKa 

pKa 

Cone.,  Jf. 

ized 

Cub  • 

average 

3 

0.0510 

0.0108 

21.2 

7.20 

7.77 

0.0461 

0.0216 

46.9 

7.70 

7.75 

7.76 

0.0510 

0.0324 

63.6 

8.00 

7.76 

s«CHs 

0.0572 

0.0108 

18.9 

7.35 

7.98 

0.0450 

0.0216 

48.0 

7.90 

7.93 

7.96 

0.0490 

0.0324 

66.2 

8.25 

7.96 

p-CHf 

0.0414 

0.0108 

26.1 

7.58 

8.03 

0.C441 

0.0216 

49.1 

8.03 

8.05 

8.03 

0.0593 

0.0324 

54.7 

8.10 

8.02 

p-Br 

0.0177 

0.0043 

24.3 

6.49 

6.99 

0.0186 

0.0108 

58.1 

7.14 

7.00 

6.99 

0.0217 

0.0151 

62.8 

7.33 

6.97 

m-Br 

0.0207 

0.0043 

20.9 

6.18 

6.76 

6.77 

0.0223 

0.0108 

48.5 

6.75 

6.78 

a-CHsSQe 

0.0175 

0.0108 

61.9 

6.08 

5.87 

5.88 

0.0178 

0.0065 

36.5 

5.65 

5.89 

p-HQ* 

0.00528 

0.00433 

82.1 

5.78 

5.11 

5.1JL 

0.00528 

0.00217 

41.1 

4.95 

5.11 

p-CHjSO* 

0.0101 

0.0022 

21.8 

5.03 

5.59 

0.0157 

0.0065 

41.5 

5.39 

5.34 

5,57 

0.0152 

0.0108 

71.1 

5.97 

5.58 

m~50i 

0.00326 

0.00217 

26.2 

5.39 

5.84 

5.90 

0.00771 

0.00433 

56.3 

6.07 

5.97 

v e v v 

Sample  calculation,  using  data  from  first  line  of  Table  lilt 
pXh  » pH  ♦ log  (ArGH)/(ArS“) 

b 7.20  ♦ log  (0.0510  - 0. 0108) /( 0.0108) 


O 7.77 


Kvanstom,  Illinois 


